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1 This study investigated the e�ects of BIIE0246, a novel neuropeptide Y (NPY) Y2 receptor
antagonist, on the inhibition of cholinergic neuroe�ector transmission in rat heart and guinea-pig
trachea and purinergic neuroe�ector transmission in guinea-pig vas deferens produced by the NPY
Y2 receptor agonist, N-acetyl [Leu28,31] NPY 24-36.

2 In pentobarbitone anaesthetized rats, supramaximal stimulation every 30 s, of the vagus nerve
innervating the heart, increased pulse interval by approximately 100 ms. This response was
attenuated by intravenous administration of N-acetyl [Leu28,31] NPY 24-36 (10 nmol kg71).

3 Transmural stimulation of segments of guinea-pig trachea at 1 min intervals with 5 s trains of
stimuli at 0.5, 5, 10, 20 and 40 Hz evoked contractions which were reduced in force by N-acetyl
[Leu28,31] NPY 24-36 (2 mM).

4 In guinea-pig vasa deferentia, the amplitude of excitatory junction potentials evoked by trains of
20 stimuli at 1 Hz was reduced in the presence of N-acetyl [Leu28,31] NPY 24-36 (1 mM).

5 In all preparations BIIE0246 attenuated the inhibitory e�ect of N-acetyl [Leu28,31] NPY 24-36 but
had no e�ect when applied alone.

6 The ®ndings support the view that the nerve terminals of postganglionic parasympathetic and
sympathetic neurones possess neuropeptide Y Y2 receptors which, when activated, reduce
neurotransmitter release.
British Journal of Pharmacology (2001) 132, 861 ± 868

Keywords: BIIE0246; neuropeptide Y; Y2 receptor; neuroe�ector junction; heart; trachea; vas deferens; guinea-pig; rat

Abbreviations: BIIE0246, (S)-N2-[[1-[2-[4-[(R,S)-5,11-dihydro-6(6h)-oxodibenz[b,e]azepin-11-yl]-1-piperazinyl]-2-oxo-ethyl]cyclo-
pentyl]acetyl]-N-[2-[1,2-dihydro-3,5(4H)-dioxo-1,2-diphenyl-3-H-1,2,4-triazol-4-y]ethyl]-argininamid; N-acetyl
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Introduction

Neuropeptide Y (NPY) is a 36 residue polypeptide and a
member of the pancreatic polypeptide family of peptides. It is
ubiquitously distributed in the peripheral as well as the
central nervous system and is involved in multiple physiolo-

gical functions. Within the cardiovascular system, NPY is
found co-localized with noradrenaline in most sympathetic
nerve ®bres (Lundberg et al., 1983). It is released together

with noradrenaline during sympathetic nerve stimulation
(Lundberg & Tatemoto, 1982), to act both postjunctionally
and prejunctionally. At prejunctional receptors, NPY is

proposed to inhibit neurotransmitter release. It does this at
a number of nerve terminals, including those of peptidergic
sensory neurones (Grundemar et al., 1990), and postganglio-

nic sympathetic (Lundberg et al., 1985; Pernow et al., 1986;
Lundberg & Stjarne, 1984) and parasympathetic (Stjernquist
et al., 1983; Potter, 1985) neurones.
In these peripheral neurones, the inhibition of transmitter

release has been attributed to the activation of a prejunc-
tional NPY Y2 receptor (Wahlestedt & Hakanson, 1986;
Westfall et al., 1990). Y2 receptor mRNA was identi®ed by

Northern hybridization in several human brain subregions
but has been more di�cult to detect in human peripheral
tissues (Rose et al., 1995). Therefore, a peripheral neuropep-
tide Y Y2 receptor has been suggested with sequence identity

divergent from the cloned Y2 receptor detected in the human
brain (Rose et al., 1995).
In 1994, a shortened modi®ed C-terminal peptide fragment

of NPY, N-acetyl [Leu28,31] NPY 24-36, was developed as an
agonist for the NPY Y2 receptor (Potter et al., 1994). N-
acetyl [Leu28,31] NPY 24-36 competed for binding of 125I-PYY

to Y2 receptors in SMS-KAN neuroblastoma cells with an
IC50 of 3.9+0.4 nM, but was ine�ective in displacing 125IPYY
in SK-N-MC neuroblastoma cells expressing Y1 receptors

(Potter et al., 1994). Additionally, N-acetyl [Leu28,31] NPY 24-
36 has no a�nity for the Y5 receptor at doses tested in the
present study (unpublished). In vascular beds which receive
both parasympathetic and sympathetic innervation, N-acetyl

[Leu28,31] NPY 24-36 inhibited cholinergic mediated vasodila-
tation (Lacroix et al., 1994; (Mahns et al., 1998a). Similarly,
in canine gracilis muscle, N-acetyl [Leu28,31] NPY 24-36

inhibited sympathetic (cholinergic) nerve evoked vasodilata-
tion, but not sympathetic (adrenergic) vasoconstriction
(Mahns et al., 1998b). However, N-acetyl [Leu28,31] NPY did
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inhibit sympathetic (adrenergic) nerve evoked vasoconstric-
tion in the dog kidney (Mahns et al., 1999). At parasympa-
thetic neuroe�ector junctions in the heart, N-acetyl [Leu28,31]

NPY 24-36 mimicked the activity of NPY by inhibiting
cardiac vagal (cholinergic) activity (Potter et al., 1994). N-
acetyl [Leu28,31] NPY 24-36 is therefore an e�ective
pharmacological tool for characterizing NPY Y2 receptors,

but the value of data could be further strengthened if this
tool were to be combined with the use of a selective Y2

antagonist.

Recently, Doods et al. (1999) reported a non-peptide
molecule, BIIE0246 ((S)-N2-[[1-[2-[4-[(R,S)-5,11-dihydro-
6(6h) -oxodibenz [b,e] azepin-11-yl]-1-piperazinyl]-2-oxo-ethyl]-

cyclopentyl]acetyl]-N-[2-[1,2-dihydro-3,5(4H)-dioxo-1,2-diphe-
nyl-3-H-1,2,4-triazol-4-y]ethyl]-argininamid), as a potent
NPY Y2 receptor antagonist. The structure of BIIE0246

was designed based on knowledge obtained from the known
interactions of NPY at the Y2 receptor. In rat vas deferens,
BIIE0246, shifted the inhibitory e�ect of exogenously applied
NPY on neurally evoked contraction to the right in a

concentration dependent manner. Additionally, BIIE0246
completely displaced the speci®c binding of [125I]-NPY at
human Y2 receptors expressed in SMS-KAN cell lines, with

an IC50 of 3.3 nM. No displacement was observed at human
and rat Y1, Y4 or Y5 receptors (Doods et al., 1999). A
binding a�nity study con®rmed BIIE0246 as selective for the

NPY Y2 receptor (Dumont et al., 2000). In a recent study in
rat hippocampal slices, BIIE0246 at a concentration of 1 mM
completely antagonized the inhibitory e�ects of 0.3 mM
neuropeptide Y on synaptic transmission (Weiser et al.,
2000). A subsequent study in rat hypothalamic slices showed
BIIE0246 at 1 ± 10 mM, prevented 0.1 mM NPY (13-36)
induced reduction in K+-stimulated neuropeptide release

(King et al., 2000).
The present study was undertaken to determine if

BIIE0246 could antagonize functional responses attributed

to activation of Y2 receptors, at cholinergic and purinergic
peripheral autonomic neuroe�ector junctions, by the agonist
N-acetyl [Leu28,31] NPY 24-36. The bioassays used are the N-

acetyl [Leu28,31] NPY 24-36 induced inhibition of: (1) vagally-
mediated bradycardia in the heart of anaesthetized rats; (2)
neurally-evoked smooth muscle contraction in guinea-pig
trachea; (3) excitatory junction potential (e.j.p) amplitude in

guinea-pig vas deferens. In all these preparations activation
of prejunctional NPY Y2 receptors is believed to reduce
neurotransmitter release.

Methods

In-vivo anaesthetised rat-cardiac vagal stimulation

Adult female inbred Wistar rats (200 ± 250 g) were anaes-
thetized with sodium pentobarbitone (Nembutal, Boehringer-
Ingelhiem; 60 mg kg71, i.p.). The trachea was cannulated and
attached to a positive pressure rodent ventilator (Ugo Basile

6025). The left femoral artery was cannulated for continuous
recording of arterial blood pressure via a Statham physiolo-
gical pressure transducer (P23XL) which was connected to

one channel of a pen recorder (Graphtec 7400). Temperature
was kept at 35+18C and blood gases were monitored using a
Corning 278 blood gas analyser. Subcutaneous needle

electrodes were used to record the electrocardiogram (ECG)
which was displayed on a storage oscilloscope (Gould 1401).
The ECG was used to obtain beat-by-beat pulse interval (PI)

following processing with Neurolog modules (Digitimer,
England NL 200, 303, 601) and was recorded on the pen
recorder. Both vagus nerves were cut to eliminate vagally
mediated re¯ex e�ects on the heart. The cardiac end of the

right vagus was stimulated every 30 s at a supramaximal
voltage of 7.5 V, at a frequency of 2 ± 2.5 Hz for 5 s using a
square wave stimulator (Grass SD9). The frequency of the

stimulation that increased pulse interval by approximately
100 ms was chosen. The right femoral vein was cannulated
for administration of drugs. As a measure of drug activity at

prejunctional Y2 receptors we measured maximal inhibition
of the increase in pulse interval (DPI) evoked by stimulation
of the vagus nerve. For pressor action we monitored change

in blood pressure. Previous studies have shown that these
parameters give reliable measures of the actions of NPY at
pre- and postjunctional receptors (Potter et al., 1989).

To compare the activity of N-acetyl [Leu28,31] NPY24-36

before and after administration of BIIE0246, a dose of N-
acetyl [Leu28,31] NPY24-36 (10 nmol kg71) was chosen that
was previously shown to give a sub-maximal inhibitory e�ect

(i.e. *50% of control DPI). Following a bolus dose of
BIIE0246 (0.1 mmol kg71 n=3, and 1 mmol kg71 n=4), N-
acetyl [Leu28,31] NPY24-36 was given at speci®ed time

intervals (see Figure 2).

Guinea-pig trachea

Guinea-pigs (400 ± 500 g) were killed by an overdose of
pentobarbitone sodium (100 mg kg71, i.p.) and a 5 mm
section of trachea was dissected and cut into zig-zag strips

(Emmerson & Mackay, 1979). The strips were mounted in a
15 ml organ bath and attached at one end to a force-
displacement transducer (Grass FT03). The organ bath was

kept at 378C and contained physiological saline (mM): NaCl
119; KCl 4.6; CaCl2 1.5; MgCl2 1.2; NaHCO3 15; Na2HPO4

1.2; D-glucose 6. The solution was bubbled continuously with

95% O2 and 5% CO2 to give a pH of 7.4. The physiological
saline solution contained 1 mM indomethacin to improve
reproducibility of the contractile response (Fernandes et al.,
1994). Initial tension was adjusted to 5 mN, followed by an

equilibration period of 45 ± 60 min. Platinum electrodes
surrounded the tracheal segment in a ring formation for
transmural stimulation. The electrodes were attached to a

Grass S88 stimulator and 5 s trains of biphasic, square wave
stimuli of *60 V, 1 ms pulse were given every min at
increasing frequencies of 0.5, 5, 10, 20 and 40 Hz, to obtain a

stimulus frequency response curve. Contractions were
recorded on a Grass polygraph (series 7). The NPY receptor
agonists were added to the bath and left in contact with the

tissue until maximal inhibition was obtained. In experiments
with BIIE0246, this agent was applied for 20 min prior to the
addition of N-acetyl [Leu28,31] NPY24-36.

Guinea-pig vas deferens

Male guinea-pigs (180 ± 300 g) were killed by an overdose of

pentobarbitone sodium (100 mg kg71, i.p.) and the vasa
deferentia were removed. Individual tissues were pinned to
the Sylgard (Dow Corning Corporation, Midland, MI,
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U.S.A.) coated base of a 1 ml recording chamber. The tissue
was superfused continuously at 3 ± 5 ml min71 with physio-
logical saline solution (mM): NaCl 133.4; KCl 4.7; CaCl2 2;

MgCl2 1.2; NaH2P04 1.3, NaHCO3 16.3 and D-glucose 7.8.
The solution was bubbled continuously with a mixture of
95% O2 and 5% CO2 (to pH 7.4) and maintained at 35 ±
368C. In all experiments, phentolamine (1 mM) was added to

the physiological saline to block the e�ects of a-adrenocep-
tor-mediated autoinhibition of neurotransmitter release.
Postganglionic sympathetic nerve ®bres were excited by

electrical stimulation through a pair of ring electrodes
positioned around the prostatic end of the vas deferens.
For each impalement, the resting membrane potential was

determined upon withdrawal of the microelectrode.
Conventional glass micro-electrodes ®lled with 0.5 M KCl

(resistances 120 ± 180 MO) and connected to an Axoclamp

bridge ampli®er (Axon Instruments, Inc., Foster City,
U.S.A.) were used for intracellular recording of excitatory
junction potentials (e.j.ps). The stimulation parameters (pulse
width 0.5 ± 1 ms, voltage 5 ± 12 V) were adjusted to evoke

e.j.ps of approximately 10 mV amplitude during continuous
stimulation at 1 Hz in order to reduce the e�ects of non-
linear summation on e.j.p amplitude. Once set, the stimulus

parameters were not changed for the duration of the
experiment. All experiments were carried out in single
impalements during which the tissues were stimulated at

2 min intervals with trains of 20 pulses at 1 Hz. Drugs were
added to the superfusing solution at the required concentra-
tion and were left in contact with the tissue for a period of

20 min. The electrophysiological signals were digitized
(sampling frequencies of 0.2 kHz) and stored using a
Powerlab recording system (ADInstruments, Castle Hill,
NSW 2154, Australia). The amplitude and time constant of

decay of e.j.ps were determined using the program Igor Pro
(Wavemetrics, Lake Oswego, OR, U.S.A.). To assess the
e�ects of the drugs, the relative changes in the mean

amplitude of the last 5 e.j.ps in the train were compared.

The limited amount of BIIE0246 available restricted both
the numbers of animal experiments conducted in each
preparation and number of concentrations tested.

Data analysis

All results are presented as the mean+s.e.mean. In each of

the tissues the e�ects of N-acetyl [Leu28,31] NPY 24-36 in the
presence and absence of BIIE0246 were compared using
repeated measures ANOVA and Student's paired t-tests.

Where appropriate the P values were corrected using the
Dunn-Sidak method. P values 50.05 were considered
signi®cant.

Drugs

BIIE0246 was a gift from Dr H. Doods (Boehringer
Ingelheim Pharma, Biberach, Germany). N-acetyl [Leu28,31]
NPY 24-36 was custom synthesized by Chiron Technologies
Pty. Ltd. (Clayton, Victoria, Australia). Other drugs

commercially available were: human pancreatic polypeptide
(Peninsula Laboratories, Inc., Belmont, CA, U.S.A.); human
[Leu31, Pro34] NPY (Auspep, Parkville, Victoria, Australia);

phentolamine mesylate (Ciba, Pendle Hill, NSW, Australia)
and indomethacin (Sigma-Aldrich Pty. Ltd., Castle Hill,
NSW, Australia).

Results

Effects of BIIE0246 on inhibition of vagally induced
bradycardia

In the anaesthetized rat, stimulation of the cardiac vagus
nerve every 30 s increased PI. The response was attenuated
following a 10 nmol kg71 dose of the NPY Y2 receptor

agonist N-acetyl [Leu28,31] NPY24-36 (Figure 1a). N-acetyl

Figure 1 E�ects of an intravenous, bolus injection of N-acetyl [Leu28,31] NPY24-36 (10 nmol kg71) on increase in pulse interval
evoked by vagal stimulation in an anaesthetized rat. N-acetyl [Leu28,31] NPY24-36 attenuated the increase in pulse interval (a).
Following addition of a bolus injection of BIIE0246 (0.1 mmol kg71) the inhibitory e�ect was attenuated. Maximal e�ect was
35 min after injection of BIIE0246 (b). 105 min following injection of BIIE0246, the full inhibitory e�ect of the agonist was restored
(c). Lines drawn above traces show control level of increase in pulse interval evoked by vagal stimulation.
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[Leu28,31] NPY24-36 had no a�ect on resting PI (Figure 1a)

or blood pressure (not shown). In three animals, following
a bolus dose of BIIE0246 (0.1 mmol kg71), the inhibitory
e�ect of N-acetyl [Leu28,31] NPY24-36 on vagal action was

signi®cantly attenuated (Figures 1b and 2a). The e�ect of
the antagonist was maximal 35 min post-injection (Figure
1b). Approximately 2 h after injection of the antagonist the
full inhibitory e�ect of N-acetyl [Leu28,31] NPY24-36 on DPI
returned to pretreatment values (Figure 1c). Figure 2a
shows the time-related data for the group of animals

treated with 0.1 mmol kg71 BIIE0246. In four animals a

higher dose of BIIE0246 (1 mmol kg71) had maximal e�ect
10 min after injection. The reduction in the inhibitory
activity of N-acetyl [Leu28,31] NPY24-36 was greater in

magnitude at the higher dose of antagonist (Figure 2b).
Signi®cant changes in the duration of the antagonistic
action of BIIE0246 lasted *30 min at the lower concentra-
tion and *65 min for the higher concentration. BIIE0246

alone had no e�ect on DPI, resting pulse interval or blood
pressure (not shown).

Figure 2 Results from two groups of rats investigating the e�ects of 0.1 mmol kg71 (a) and 1 mmol kg71 (b) BIIE0246. In each
histogram DPI is attenuated following intravenous injection of N-acetyl [Leu28,31] NPY 24-36 (10 nmol kg71). Each time interval
represents an injection of N-acetyl [Leu28,31] NPY 24-36. The inhibitory e�ect of N-acetyl [Leu28,31] NPY 24-36 on DPI was reduced
in the presence of a bolus dose of the antagonist, BIIE0246 (0.1 mmol kg71, n=3) (a). The antagonism was greater following
BIIE0246 1 mmol kg71 (n=4) (b). Statistical comparisons were made with paired Student t-tests. *P50.05.

Figure 3 Polygraph trace from one animal showing contractions of trachea strip evoked by transmural nerve stimulation at
increasing frequencies (a) were attenuated in the presence of N-acetyl [Leu28,31] NPY 24-36 (2 mM) (b). The inhibitory response was
maximal 5 ± 10 min after addition of peptide and returns to control levels 45 min after peptide is washed from the bath (c).
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Effect of BIIE0246 on inhibition of cholinergic mediated
contraction of smooth muscle in guinea-pig trachea

Transmural nerve stimulation (0.5 ± 40 Hz) of the tracheal

strip evoked a contraction that increased in force as the
frequency of stimulation was raised. These contractions were

completely abolished by 10 mM atropine except at the highest
frequency (40 Hz) where approximately 10% of the contrac-
tion remained. There was no relaxation of the tissue. These

®ndings indicate that the contractions are due to activation of
the parasympathetic nerves.
Figure 3 shows polygraph traces from one experiment

recorded under control conditions (Figure 3a), 5 min

following application of N-acetyl [Leu28,31] NPY (2 mM,
Figure 3b) and 45 min after wash out of the peptide from
the bath (Figure 3c).

Pancreatic polypeptide (PP, human) and [Leu31Pro34] NPY
were used to investigate the presence of other neuropeptide Y
receptors in the guinea-pig tracheal preparation. Following

application of PP (2 mM), contractions were attenuated. The
small but signi®cant (P50.05) inhibitory e�ect was present
for all but the highest stimulus frequency (40 Hz). [Leu31-

Pro34] NPY (2 mM) produced a similar inhibitory response to
that of PP. These e�ects were compared to those of N-acetyl
[Leu28,31] NPY 24-36 in the same tissue. Figure 4 shows
summary data for the group (n=8± 12).

At 5 and 10 min following addition of N-acetyl [Leu28,31]
NPY24-36, the force of the contractions evoked by each
frequency of stimulation, except 40 Hz, was reduced

(Figure 5). Following wash out of the peptide, the force
of the contractions gradually returned to control levels
over an approximate 40 min period. In the presence of

BIIE0246 (0.1 mM), the inhibitory e�ect of N-acetyl
[Leu28,31] NPY 24-36 was signi®cantly reduced (Figure 5).
No direct e�ects by BIIE0246 on the contractile response

were observed.

Effects of N-acetyl [Leu28,31] NPY 24-36 and BIIE0246
on e.j.p amplitude

In guinea-pig vas deferens treated with phentolamine (1 mM),
trains of 20 stimuli at 1 Hz evoked e.j.ps which facilitated in

amplitude to reach a plateau level after about the ®fteenth
stimulus (Figure 6a). Application of N-acetyl [Leu28,31] NPY
24-36 (1 mM) reduced the amplitude of e.j.ps evoked during

the trains of stimuli (Figure 6a,b) and this e�ect of the NPY
Y2 receptor agonist was reduced by the subsequent addition
of 0.1 or 0.5 mM BIIE0246 (Figure 6a,b). Application of
BIIE0246 (0.1 and 0.5 mM) alone had no e�ect on e.j.p

amplitude (Figure 6b). Both N-acetyl [Leu28,31] NPY 24-36
and BIIE0246 applied alone or together had no e�ect on
resting membrane potential or the e.j.p time constant of

decay (Table 1), indicating that the e�ects of these agents are
not due to changes in the electrical properties of the smooth
muscle.

Discussion

The primary objective of this study was to determine if
BIIE0246 could e�ectively antagonize functional responses
attributed to activation of peripheral Y2 receptors by N-

acetyl [Leu28,31] NPY 24-36. In all three preparations the
attenuating e�ect of the neuropeptide Y Y2 receptor agonist
N-acetyl [Leu28,31] NPY24-36, on responses to neurotransmit-

ter release, was reduced in the presence of a novel Y2

receptor antagonist, BIIE0246. The magnitude and duration
of responses were dependent on dose or concentration of

Figure 4 E�ects of transmural parasympathetic nerve stimulation at
increasing frequencies, shown as a percentage of the control response
(obtained in the absence of peptide). The values shown were
measured 10 min after the application of the peptides. At this time
the e�ects of PP (2 mM) and the [Leu31, Pro34] NPY (2 mM) on
neurally evoked contractions are maximal. The NPY Y2 receptor
agonist, N-acetyl [Leu28,31] NPY 24-36 (2 mM) had a maximal e�ect
5 ± 10 min after introduction of peptide to the bath. Peptides are
given in equimolar concentration. There is a signi®cant di�erence
(P50.05, n=8±12) in the inhibitory response of the NPY Y2

receptor agonist and both PP and the NPY Y1 receptor agonist at all
frequencies except 40 Hz. Statistical comparisons were made with
paired Student's t-test.

Figure 5 E�ects on transmural parasympathetic nerve stimulation
at increasing frequencies after application N-acetyl [Leu28,31] NPY 24-
36 (2 mM) alone, and in the presence of BIIE0246 (0.1 mM). Results
are shown as a percentage of the control response (obtained in the
absence of peptide). N-acetyl [Leu28,31] NPY 24-36 signi®cantly
attenuated contractions evoked at all frequencies except 40 Hz
(P50.05, n=9). The e�ect was attenuated in the presence of
BIIE0246 (P50.05, n=9). Statistical comparisons were made with
paired Student's t-test.
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antagonist applied, and in none of the assays did the
antagonist alone have an e�ect.

In the heart and trachea, NPY Y2 receptors are most likely
located presynaptically on the parasympathetic nerve term-
inal where, when activated, they inhibit the release of

acetylcholine. In the heart, NPY was proposed as the
mediator of sympathetic nerve mediated inhibition of vagal
action because the inhibitory e�ect of sympathetic stimula-

tion could be mimicked by exogenous NPY (Potter, 1985). N-
acetyl [Leu28,31] NPY24-36 in turn, mimics the inhibitory
e�ect of NPY on cardiac vagal activity (Potter et al., 1994).

In this study, BIIE0246 attenuated the inhibitory e�ect of N-
acetyl [Leu28,31] NPY24-36 on stimulus-evoked vagal brady-
cardia. These results con®rm the presence of functional Y2

receptors at parasympathetic neuroe�ector junctions in the

rat heart.
In guinea-pig trachea, N-acetyl [Leu28,31] NPY 24-36

reduced the size of contractions evoked by stimulation of

the parasympathetic nerves. The contractions were choliner-
gic in nature and were abolished by the application of
atropine. The attenuating e�ect on contractile force produced

by the agonist was reduced in the presence of BIIE0246. A
previous study (Grundemar, 1997) using a similar prepara-

tion suggested that NPY inhibited stimulus evoked tracheal
contractions primarily by acting at NPY Y2 receptors, but
also by acting on NPY Y1 receptors. In that study [Leu31,

Pro34] NPY and the Y4 receptor agonist PP were used. As
[Leu31, Pro34] NPY inhibited contractions to a small extent
and PP had no e�ect, Grundemar suggested that Y1 receptors

contributed to the inhibitory e�ect evoked by exogenous
application of NPY in the trachea. [Leu31, Pro34] NPY has
previously been reported as being selective for the NPY Y1

receptor (Fuhlendor� et al., 1990), but subsequent studies
report [Leu31, Pro34] NPY also binding to Y4 receptors (Bard
et al., 1995). In the present study, both PP and [Leu31, Pro34]
NPY produced a small, but signi®cant, inhibitory e�ect on

contractions. While [Leu31, Pro34] NPY can bind with
relatively high a�nity to 125I-PYY labelled Y4 receptors, it
is not as potent an agonist as PP in functional assays (Pheng

et al., 1999). The data is consistent with the possibility that
both Y4 and Y1 receptors are present in this preparation. The
present study and the work by Grundemar do however

Figure 6 The e�ects of N-acetyl [Leu28,31] NPY 24-36 and BIIE0246 on e.j.ps evoked by trains of 20 stimuli at 1 Hz in the guinea-
pig vas deferens. (a) Traces recorded before and during the sequential application of N-acetyl [Leu28,31] NPY 24-36 and BIIE0246
(0.5 mM) in a single impalement. (b) Histogram showing the mean per cent change in the amplitude of the last 5 e.j.ps in the train
produced by the sequential addition of N-acetyl [Leu28,31] NPY 24-36 (1 mM) followed by BIIE0246 (0.1 mM, n=6; 0.5 mM, n=5) and
BIIE0246 alone (0.1 mM, n=6; 0.5 mM, n=5). Statistical comparisons were made with one-sided paired t-tests. *P50.05, **P50.01.

Table 1 E�ects of N-acetyl [Leu28,31] NPY24-36 and BIIE0246 on resting membrane potential (r.m.p) and e.j.p time constant of decay
(te.j.p) in the guinea-pig vas deferens

r.m.p. (mV) te.j.p (ms)
Control Test Control Test n

1 mM [Leu28,31] NPY24-36 769+1 770+1 344+31 353+33 12
0.5 mM BIIE0246 769+2 767+1 328+31 311+14 5
1 mM [Leu28,31] NPY24-36 769+1 770+2 393+22 400+34 6
+ 0.1mM BIIE0246

1 mM [Leu28,31] NPY24-36 768+1 769+1 278+22 258+14 6
+ 0.5 mM BIIE0246

Control values were measured prior to addition of the drugs. The r.m.ps in the presence of the drugs were determined relative to the
values measured when the mocroelectrode was withdrawn at the end of the experiment. Statistical comparisons were made with
Students paired t-test and showed no signi®cant di�erence between control and test data.
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indicate the inhibitory e�ect of NPY on contractions are
being mediated primarily by NPY Y2 receptors.
At sympathetic neuroe�ector junctions in guinea-pig vas

deferens, application of N-acetyl [Leu28,31] NPY 24-36 reduced
e.j.p amplitude, an e�ect antagonized by BIIE0246. As e.j.ps
are mediated by ATP (Sneddon, 1992), these ®ndings are
consistent with previous reports that activation of prejunc-

tional NPY receptors by exogenously applied NPY inhibits
ATP release in the guinea-pig vas deferens (Ellis & Burnstock
1990; Cheung & Dukkipati 1991). The present study indicates

that the NPY receptors present on the sympathetic nerve
terminals in the guinea-pig vas deferens are Y2 receptors.
Importantly, BIIE0246 applied alone had no e�ect on e.j.p

amplitude indicating that, under the conditions of the
experiment, endogenous NPY does not play a role in
modulating neurotransmitter release in the guinea-pig vas

deferens.
Relatively high amounts of the antagonist were used in this

study to block the e�ects of the agonist compared to
antagonist a�nity in Y2 cell lines (Doods et al., 1999).

However, the concentrations of the antagonist used here did
fall within the range used in previously reported functional
assays (Weiser et al., 2000; King et al., 2000). Consideration

should be given to the choice of agonist used to evoke a
functional response. Many of the NPY fragments used
currently in assays are not full agonists at the Y2 receptor

(Smith-White et al., 1998). It is possible the higher
concentrations of BIIE0246 are needed to block e�ects of
the speci®c NPY Y2 agonist N-acetyl [Leu28,31] NPY 24-36
than are needed to block e�ects of the partial agonist (13-36)

NPY as used in in vitro studies.
The ®ndings of this study con®rm that the NPY Y2

receptor agonist N-acetyl [Leu28,31] NPY 24-36 activates Y2

receptors to inhibit cholinergic neuroe�ector transmission in
rat heart and guinea-pig trachea, and purinergic neuroe�ector
transmission in guinea-pig vas deferens. The selective NPY

Y2 receptor antagonist, BIIE0246, will now make it possible
to examine the participation of Y2 receptors in functional
responses, in other assays and species, evoked by exogenous

and nerve released neuropeptide Y.

We thank Ms Tamara Powell for expert technical assistance and
Dr Henri Doods for the gift of BIIE0246. The National Health
and Medical Research Council support this work.
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